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DECLARATION OF .1. CHRISTOPHER GRIM AT m UNDER 37 TITP $1 i*> 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 
Dear Sin 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

_ 2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). MaBa P#> 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory m the Molecular Biology Department During mis time I directed or performed 
nmnerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
0>CR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer n connection wrth the above-identified patent application, I personally performed or 
^eetedfte semi-quantitative PGR gene expression analyses in the assay entitled 'Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 

££2? • WCre US6d t0 id6ntify mmm m ex P ression b ^een tumor 

tissue and their normal counterparts. 

4 EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), 1(11; 14), and t(8:14) 
tonslocauons Focused on the activation of hemopoietic growth factors involved in the «5;14) 
translocation in leukemia patients.. , 
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Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
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vector for use by other scientific teams. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
J>ukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
nrwarkers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
o«~ie can identify activated proto-oncogenes. We have stud- 
ie>d a case of B-lineage acute lymphocytic leukemia (ALL) 
t r-iat was associated with peripheral blood eosinophilia. The 
ctiromosomal translocation 1(6:14) (q31;q32l from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind \\\/EcoH\ and Sau3A restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



translocation joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role In the pathogenesis of this leukemia and the 
associated eosinophilia. 
a 19S9 by Grune & Stratton, Inc. 

protooncogenes, such as omyc and bcl-2P In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 1,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by Frencb-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made* Briefly, 
10 /ig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
'ag&ToselScl. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, 1L). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 

From the Division of Hematology /Oncology, Department of 
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lished methods. 3 Approximately 100 fig of high mol wt genomic 
DNA were partially digested with the SaulA restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ugated into phage BMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
M13 vectors and sequenced by the chain termination method using 
Sequenase (United States* Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophil*. Karyotypic 
analysis showed the characteristic t(5;14)(q3I;q32) translo- 
cation. These features define a distinctive subtype of ALL.** 4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 1 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, Hindm, Sstl, Sau3A, and EeoKJ plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRI, Hindlll/EcoRl t and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic'' 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene* 12 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Ffe2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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TtS; -!4> CHROMOSOMAL TRANSLOCATION 

3 A>> The break in the IgH gene occurred 2 bp upstream of 
the Jb4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted. 19 * 14 No sequences 
homologous to the immunoglobulin heptamer and nonamer 
cots-ld be identified in the IL-3 sequence (Fig 3B). Therefore, 
nudeic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
shoved tbat the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to ■the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome \4q. xli It has also been shown that 
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GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation. 16 Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene. more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promoter, the IL-3 gene appeared 



5 ' GGTGACCAGGGTTCCCTGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATO 
3 » CCACTGGTCCCAAGGGACCGGGGTCATCAGTTOCATC ^ 
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5 1 TACCAGACAAACTCTCATCTGTTCGAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGCAGCAGAGGGCCAGG lg0 
3 1 ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGGTGGTCCTGGTTCGTCCCGCCCGTCGTCTCCCGGTCC 

m ********* 9 . 

5 'GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGAGTCAG 2 40 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCC^ 

• « • • 

5 • GGGGTCCTCTCACCTGK^TGCCATGCTTCCCATCTCTCATCCTCCTTGACAAGATGAAGTGAT^ 3 2fl 

3 ■ CCCCAGGAGAGTCGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTCTTCTACTTC^ 

t ********* 

5 1 TTTCTTGTTTC ACTGATCTTGAGTACTAGAAAGTC ATGGATGAATAATTACGTCTGTGGTTTTCTATGGAGGTTCC ATGT , 00 
3 • AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGCAGACA 

• • • • 

5 1 CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGCACCTTGCTGCTG . g fl 
3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC 

• • • * 

5 1 CAC ATATA AGGCGGGAGGTTGTTGCCA ACTCTTC AGAGCCCCACGAACGACCAGAACA AGAC AGAGTGCCTCCTGCCGAY S(J , 
3 1 GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTCGTCTTGTTCTGTCTCACGGAGGACGGCTA 

5 ■ CCAAACATCAGCCGCCTGCCCGTCCTGCTCCTGCTCCAACTCCTGGTCC^CCCGGACTC fi fl c 

3 • GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTC 



5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3' 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 1 
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B . . 5 • TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
*9 Jl14 3 ■ ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGCGCTAATTCCCCACGTGTTTTTGGACTGAGAG 
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++++++++++++++++++++++ 

5 1 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
3 ■ ACCGGCGTCATCAGTTTCATC ATCTCCATTAAG TAGTATCGACGCCTAATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 • GGC ACCAAGAGATGTGCTTCTCAGAGCCTGAG GCTGAACGTGGATGTTTAGC AGCGTG ACCGGCTACC A 
3 1 CCGTGGTTCTCTACACGAAGAGTCTQGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 



Fig 3. Sequence of t(6;14)(q31;q32) breakpoint region. (Al Nucleotide sequence of the Bsm/Hpa\ fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand. 9 Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 Is that of the germline IL-3 gene. 2 * The IL-3 TATA box (486), transcription start (616), and initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 182 and 389). (B) 
Comparative sequence of the t(6;14)(q31;q32) breakpoint region. The lgJh4 region is shown with Its coding region, heptamer, and 
nonamer underlined. Clone no. 4 Is shown with putative N region sequences underlined. The H.-3 sequence is also shown. A plus sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the IL-3 sequence. 
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.J?. 9 , Dla « ram °* the translocation. The normal chromosome 
Bq31 b shown with the GM-CSF gene tetomerlc to the IL-3 gene tn 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(6;l4)(q31 ;q32> translo- 
cation results In the head-to-head orientation of these genes. 
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intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part or the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 - 11 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene: The same mechanism is 
important for activation of the omyc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 
The proposed activation of the IL-3 gene suggests that an 

hSSHnV 55 imP0rtam f0f *" l**W«* of this 
leukemia » Over-expression of the 11^3 gene coupled with 
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the presence of the 11^3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 21 - 2 * 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but arc stimulated by the tumor. 23 - 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophil in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation." 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleukin-5 (IL-5) gene maps to chromosome 5q31* 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples: We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the InterIeukin-3 Gene by Chromosome Translocation in Acute 

Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan r and John Abrams 



The t(6;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the lnterleukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2 t Qrabl, and c~myc, that are -Located adjacent to the 
translocation, 1 ' 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lincage immunophenotype, eosinophilia, and 
the t(5;14)(q3J;q32) translocation.^ Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(S;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 54 
Clinical features of Case 2 have been ©"escribed in detaiL' DNA 
isolation and Southern blotting was done using previously described 
methods. 4 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoKI genomic IL-3 fragment, and an IL-3 
cDNAprobe. 71 

Northern blots. RNA isolation and Northern blotting have been 
described.* Briefly, Northern blots were done by separating 9/ig 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bpSst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNAprobe.' 0 -' 1 

Polymerase chain reaction. Primers were designed with BamRl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGGATCCG ACGOTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene(Primer 161: 5-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 6t°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 pL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L Mgd* 10% dimethyl sulfoxide 
(DMSO), 170 Ag/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-B 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1 990 by The American Society of Hematology 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT). 13 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed sitFof transcription initiation) 
to an Nhe I site at position - 642. The plasmid containi ng this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector, 10 Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho \ site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TF1 bioassay TF-I cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 mL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microliter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 mL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x. 10 4 cells per well, (final 
volume, 100 pL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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Fig 1. Breakpoint sequences for Case 2. The germllne IgJhB region sequence (protein codlno rankm *nH r^^w ^ 

te in the middle, end the germllne IL-3 sequence, which we derived from e normal IL-3 done, is on ZZ^S! ""derUned) 
sequence has the seme nucleotide. The sequence documents the head-to-head Joining of the IL-3 end SmmTlim . ^ 7* 

gene occurred at position -934 (•). * 9 n * 8 * Tna weakpolnt in the IL-3 



metric method of Mosmann using a VMax microliter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm. 1 * 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 fig/mL) to coat the wells of a PVC 
miewtiter plate. The capture, antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted \a for 11^3, undiluted for Uy5 t and undiluted and diluted 
1:5 for GM-CSF). The detecting imxnunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatlzcd rat 
monoclonal antibodies JBS1-5A2 and BVD2-21C11, speciac for 
IL-5 and GM-CSF; respectively. Bound antibody was subsequently 
detected with unmunoperoxidase conjugates: horseradish peroxidase 
(HRP)-iabdcd goat anti-mouse Ig for IL-3, or HRP-Iabeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-ben2thia2oline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
, mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes, a rearranged 14 kb 
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fragment, comigrating with the rearranged Jh fragment, was 
ideated When leukemic DNA was digested with i^dlll 
phis EcoKL. a rearranged Jh fragment was detected at 6 kb 
The £3 probes also identified a comigrating fragment of 
this size. These experiments Indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-3 sequences, suggesting a trZc 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immiinogiobuhn heavy chain (IgH) gene, the polymerase 
chain reaction (PC*) was used to clone the translocation." 
A Jhpnmerarid an IL-3 primer were designed to produce an 
amphfied product m the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration fFie 11 
Sequence analysis indicated that the breakpoint on chromo- 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 1 7 bo was' 
inserted between tiTchromosome 5 7nd chromosome u 
sequences during the translocation event."-" Figure 2 shows 
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Fig *. Relationship of chromosome 5 breakpoint* to the 11-3 gene. This figure shows the two cloned break.,*!.*, r..™ * . 
the normal IL-3 9 ene.™ One breakpoint occurred at position -462 and the other at terowaft ' B ™ w > "Wo* to 

translocation* resulted In e head-to*ead Joining of the IgH gene and the 0.-8 gene, leaving the rraWAa^-tab, ^*™ m8tanc »». the 
gen. Intact. Boxe. denote thefive IL-3 axons: restriction enzyme* are <8) SsmHI. <l>) Pstl (HI ^U&^t^WxhT^ 
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*he locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
mormal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
xnaldng IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the S V40 
proraotor/enhancer in the Cos7 cell line. Cell supernatants 
vrere studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants' 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19 * 20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
I). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either antj-IL-5 or anti-GM^SF^was consistent with the 
inability to measure these" factors by immunoassay .and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Diffe rent Times m Case 2 

Sample Dato 



11/16/83 1/16/84 3/14/84 



Peripheral blood counts (celfe/pL) 








WBC 


81,800 


116,600 


12,300 


Lymphoblasts 


0 


33,786 


0 


Eosinophils 


46.626 


73,080 


616 


Serum yowth fBCtor levels {pg/ml) 








IL-3 


<444 


7,995 


1,051 


GM-CSF 


<16 


<16 


<16 


IL-5 


<60 


<50 


<60 



the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/1 6/84 and 3/ 1 4/84 to lower 
his leukemic burden, 3 No serum samples were available for a similar 
analysis of Case 1. 
Abbreviation: WBC, white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true 
In addition, neither GM-CSF nor fL-5 arg over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 21 The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop 
The final proof of our thesis must await additional data In 
particular, from the study of additional clinical sampled it 
will be necessary to document that the IL-3 receptor" is 
present on- the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeuticapproach for this disease. Kan autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating 11^3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the. eosinophil in these patients is mediated by the oara- 
enne effects of leukemk-derived 1^3, similar interventions 
may improve this aspect of the disease. Antibodies or " 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erfcB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Stickler 



The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, TO who reported that DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erbb-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews.^.** Th e molecular biology of the c-eriB-2 oncogene has been 
extensively reviewed". 89 .* 5 and will be discussed only briefly bere. 

BACKGROUND 

The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga* 
tion. The neu oncogene was detected as a mutated transfonning gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. B *w^w The c- 
er&B-2 was a human gene discovered by its homology to the retroviral gene v- 
erbB.a-W HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB™ When the DNA sequences were determined subse- 
quently, oerbB-% t HER-2, and neu were found to represent the same gene. 
Recently; the c-erfcB-2 oncogene also has been referred to as NGL. 

The c-erfoB-2 DNA is located on human chromosome 17q21 w ^ M arid codes 
for oerfcB-2 mBNA (4.6 kb), which translates c-erfeB-2 protein (p!85). This 
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protein is a norma] component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not identical to, c-er&B-l, which is located 
on chromosome 7 and codes for the epidermal growth factor rcceptorA lw Thc c- 
eriB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. *■ 105 Electron microscopy 
]'A , with a polyclonal antibody detects o-erbB-2 immunoreactivity on cytoplasmic 

*U membranes of neoplasms, especially oh microvilli and the non-villous outer cell 

: « membrane. 61 In normal cells, immunohistochemical reactivity for c-erfeB-2 is 

!; ; ; . frequently present at the basolateral membrane or the cytoplasmic membranes 

• i brush border. ■» 

There is experimental evidence that protein may be involved in 

the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erb&-2 protein can transform a cell line into a malignant phenotype.* 8 Also, 
when the net* oncogene containllnfan activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 16 * 63 In other expert- 
j * ments, monoclonal antibodies against the neu protein inhibit the growth (in 

.11 : - nude mice) of a nra-transformed cell line,"- 8 * and immunizaUon of mice with 

f. j ; neu protein protects them from subsequent tumor challenge with the neu- 

transformed cell line." Some authors have speculated that the use of antago- 
•? f nists for the unknown ligand could be useful in future chemotherapy. 85 Further 
jj jj *j review of this experimental evidence is beyond the scope of this article, 

jl | . The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 

If i . . development. This hypothesis is supported by the presence of o-er 6B-2 activa- 

tion hi both in situ and invasive breast carcinomas. In addition, studies of 
\] ) . metastatic breast carcinomas usually demonstrate uniform c-er£B-2 activation 

at multiple sites in the same patient, although oerbb-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor. 67 * 00 - 107 



ft i j Even more rarely, c-er6B-2 DNA amplification has been detected in a primary 

)f ; ) .! breast carcinoma but not in its lymph node metastasis. 6 In patients who have 



bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
\H'\ tion, but only a few such cases have been studied. 11 



MECHANISMS OF ACTIVATION 



• ? K ! : The most common mechanism of c-eri>B-2 activation is genomic DNA ampliRca- 

[\ l | Hon, which almost always results in overproduction of c-eriB-2 mRNA and 

1 ii ; protein, The c-erfeB-,2 amplification may stabilize the overproduction of 

v \ ! mRNA or protein through unknown mechanisms. Human breast carcinomas 

with c-erbB-2 amplification contain 2 to 40 times more c-erfrB-2 DNA 4 ' 3 and 4 to 
128 times more c-erbB-2 mRNA 3 *' 80 than found in normal tissue. Most human 
!$ !j ' breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-eriB-2 

DNA. Tumors with greater amplification tend to have greater overproduc- 
tion. 17 ' 52 * 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-eriB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oerfcB-2 activation is overproduc- 
tion of c-erfcB-2 mRN A and protein without amplification of c-erhB-2 DNA, 81 
The quantities of mBNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. The c-erbB-2 protein overproduction without mRN A overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-erfcB-2 activation have been reported. Translo- 
cations involving the c-erbB-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 



that mimic translocations. 31 * 65 ' 7 ** 4 ' 6 ^ 108 A smgle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea>* The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. l0 » 83 -* Although there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. 4l &* 1 

TECHNIQUES FOR DETECTING e*rf>B-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-erbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erbB-2 DNA probe. In both tech- 
niques, amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-eriB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells. 61 Second, the c-efiB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
erfeB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
crbB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 -* 5 ' 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 1 

Amplification of c-er&B-2 DNA was assessed by using the polymerase 
chain reaction (PCR) in one recent study- 32 Oligoprimers for the c-eriB-2 gene 
and a control gene are added to the sample's DNA, and PCR is performed. If 
the sample contains more copies of c-erbB-2 DNA than of the control gene, the 
c-erbB~2 DNA is replicated preferentially. 

Detection of c-ert)B-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization, $oth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of e*r&B-2 mRNA hacbeen described in two recent 
abstracts. 68 - 102 

Overproduction of c-erbB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA- Negative control probes are 
use d 65.ee.io8 Our experience indicates that these techniques are relatively insensi- 
tive for detecting oerbB-2 mRNA overproduction in routinely processed tis? 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-erfcB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above oerbB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eUminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. T - 

Detection of oer&B-2 Protein Overproduction 

The most accurate methods for detecting c-erAB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-er£B-2 protein. In 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-erfcB-2. In immunoprecipitation studies, antibodies against c-er&B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. TWo recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-ariB-2 protein.* 45 
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Overproduction of c-erI>B-2 protein is most commonly assessed by various 
immunohistochemica] techniques. These procedures, often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used- different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak, bands in addition to the c-erhB-2 
protein band on Western blot or imrmmoprecipitation, the results of these 
studies should be interpreted with caution. 32 ' 3 * 47 - 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (plK). 30 ' 59 * 86 
Second, tissue fixation contributes to variability between studies. Fbr example, 
some antibodies detect c-erfcB-2 protein only in frozen tissue and do hot react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochetnical methods and decreases the number of reactive cells. 81 - 85 
When Bouins fixative is used, there may f be a hij^fir^perceritage of positive 
cases," Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-eriB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erbB-2 protein overproduction varies from study to study and from 
antibody to antibody- Degradation of c-erbB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 0 * 



ACTIVATION OF c«ert>B-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies flkble 1), and 
c-erhB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
fcriB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-er&B-2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-eriB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erf>B-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnorna in situ (68 percent, 
49 of 72). The raicropapillary type of ductal carcinoma in situ also tends to have 
c-eri>B-2 activation, 40 ' 5 ** 68 especially if larger cells are present. The greater fre- 
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quency of c-erfcB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show e-eriB-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-erbB-2 activation tends to regress or to lose c- 
erfrB-2 activation during progression to invasion. 40 ^ Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to o- 
erbB~2 activation, 1139 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ carci- 
noma, Activation of c-eriB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocaicinoma in situ 
but may include other areas of carcinoma in situ. 4 * 54 . 6 * Overproduction of c- 
er&B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate, 08 

Activation of c-er&B-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-eriB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39 -*.* In normal breast tissue, c-er&B-2 DNA is 
diploid, andc-erbB-2 is expressed at lower levels than inactivated tumors.^ 65 - 88 

These preliminary data suggest that c-er6B-2 activation may not be useful 
for resolving many of die common problems in diagnostic surgical pathology. For 
example, c-erfeB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because 0;er&B-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erfcB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinomain situ, which commonly overproduces 
c-er&B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. c-ordB* ACTIVATION IN BENIGN HUMAN BREAST L£SK)NS 



Histological Diagnosis 


e*er&B-2 DNA 


c-erbfr* mRNA 


c-ert>B-2 Protein 


Amplification' 


Overproduction 


Overproduction 


Fibrocystic disease 


0/10* 




0/32»0/8M0/a M 


Atypical ductal hyperplasia 






2(weak)/21 l * 








1(cytopla$mlo)/13» 


Benign ductal hyperplasia 






0/12« 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16.*0/6,w 


0/6," 0/3* 


0/21, « 0/10 " 




o/e," o/i* 




0/8,»<V3« 


Radial scars 






0/22» 


Blunt duct adenosis 






0/143" 


•Breast mastosIs M 




0/3* 





•Shown as number ol cases wtth acUvaUonmumbar of cases studied; reference Is given as a superscript 
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c-eriB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-erbB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-er&Br2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-eriB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic Actors and may correlate with o*r&B-2 activation. 6 7 

Correlation of c-erbB-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-er&B-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of oerbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, o 
erbB-2 activation was associated with either younger or older ages. 

Correlation of *erbB-2 Activation With Patient Outcome 

Slamon et al^« first showed that amplification of the c-erfcB-£ oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erbB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 79 - 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (TihXe 5). In 12 series, there was a correlation be- 
tween c-erb&-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfeB-2 activation was reported to be 
independent of other prognostic factorsr-In contrast, 18 series did notconfinn 
the correlation of c-erfcB-2 activation with recurrence or survival, fbur possible 
explanations for this controversy are discussed below. 

One problem is that c-erfeB-2 amplification .correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-er6B-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erbB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 6, CORRELATION OP c-ertB-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 



Typo of 



waft 

Metastases to 





o*erbB-2 
Activation 6 


Total 


Axtttatv No 
tyropft Nodes Metesfasfs 


Statistical 

Anaiyafa 0 


Reference 
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87 . 
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01 




U 


60 . 




DMA 


try 

07 






65 






AH 
41 




u 


93 


<0 Oft 


mRKIA 
MlHlv\ 


rn 

Oc 




u 


65 


<0 OS 


r rottifn 


lUZ 




ft, J 

M - * 


101 




DMA 




345 


M 


81 




nwA - 




120 


u 


17 




DMA 




91 


u 


87 


<0 05 


DMA 




OO 


ft J 

M 


79. 


<0.05 


Protein-WB 




350 


M 


85 


<0.05 


Protein 




62 44 


U 


101 


0.05-0.15 


DNA 


57 




U 


111 


0.05-0.15 


Protein 


189 




M 


92 


0.05-0-15 


Protein 




120 


U 


86 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.1S 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


280 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.16 


Protein 


102 




u 


39 


>0.15 


Protein 




137 


u 


17 


>0,15 


DNA 




181 


M 


61 


>0.15 


DNA ■ — 




- - 159 - 


u 


ft 


>0.15 


DNA 




73 


u 


»7 


>0.15 


Proteln-WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0,15 


Protein 




141 


u 


86 


>0,15 


Protein 




41 


u 


40 



. . _ w, — r^-i— wi « diuvwb wvoitf iLuuui romrrancB or ootboskj survival or oouu uorroieuon Between o» 
e/©8-2 activation and a poorer patient outcome Is statistically significant ai <0.05, Is ©1 equivocal significance 
at 0.05 to 0,16, and la not aJgnlHcant ai >0'.1B. 

*Shown as variable measured. Letter* -WB' Indicate assay by Western blot; the other protein studies used 
ImmunoWstochemlcal metnodS. 

*M - multivariate statlsHcal analysis; U » univariate stati&iical analysis. 
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™ ^UiSSSS!"* 06 0F BREAST c ARCINOMAS WITH METASTASIS COMPARED 
WTH PROGNOSTIC SIGNIFICANCE OF frgW* ACTIVATION 



%oMumore with 
lymph node 
metastasis In 
each study 



70 



80- 



50- 



40- 



71 (DNA}» 



61 (DNA)» 

69{DNA}<* 
58{Proteln)wi 



64(DNA) 1 » 



42(Protefn)« 



P<0AS 



+ 



0X5<P<0.16 



64(mRNA)* 
01{DNA)< 



68(ONA)« 
57 (DNA)«» 
«5(Protem)» 

48{Protefn)i' 
46(Proieln) to 



H 

p>o:is 



P tor correlation of c-ert)B-Z activation with patient outcome, ~~ 
^o^if 6 " 5 ^ 99 of breaat with metastasis la compaiwl wHh the correlation between c 

a/OB-2 activation and outcome. These data Include only those studies that considered, aa one group, afl breast 
cancer patterns, whether or not they had axRIa^ metastasb. Superacrlpts are the rejararioos. in parentheses 
are the types of oerdB* activation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-erbft-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of o- 
eriB-2 activation in ducjal tumors, In addition most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
eriB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. Two recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-*rf>B-2 overexpression predicted early 
recurrence, 23 ^ In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-er&B-2 activation.* 0 

A fourth problem is the lade of data regarding whether the prognosis 
correlates better with c^rfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-eriB-2 activa- 
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tibn and poor patient outcome measure c-<?riB-2 DNA amplification (Table 5), 
and breast carcinoma patients with greater amplification of c-erbB-2 may have 
poorer survival 7 *." Recent studies suggest that amplification has more prognos- 
tic power than overproduction,™** but the clinical significance of c-ariB^2 
overproduction without DNA amplification deserves further research. 17 <« Few 
studies have attempted to correlate patient outcome with c-erbB-2 mRNA 
overproduction, and many studies of c-eriB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison of c-erfcB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications inhuman breast cancer 
are reviewed elsewhere. 71 .** This section will be restricted to a comparison 
between the clinical relevance of oerbB-2 and these other oncogenes. 

The omyc gene is often activated in breast carcinomas, but c*myc activa- 
tion generally has less prognostic importance than c-er&B-2 activation, ^^.w 
One study found a correlation between increased mRNAs of c-<?riB-2 and c- 
myc, although other reports have not amfinned this, 3 *™ Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erbB-2. 

The gene c-erfcB-1 for the epidermal growth factor receptor (EGFR) is 
homologous with c-eriB-2 but is infrequently amplified in breast carcinomas. 7 * 
Overproduction of EGFR, however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both 
eri>B-2 and EGFR in the same tumor, c-«riB-2 has a stronger correlation with 
poor prognostic factors Studies have tended to show no correlation between 
amplification of c-er&B-2 and *er&B-l or overproductiqnof c-erfcB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of c-eriB-2 
protein «.*<*«8.i08 Recent reviews describe EGFR in breast carcinoma, ai» 

The genes c-effcA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent toT6*r&Ba2 on chromosome 17. These genes 
are frequently coamplified with c-erfcB-2 in breast carcinomas, The absence of 
c-erfeA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia » Amplification of c-er6B-2 can occur 
without *ar-l amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erbB-2 and ear-l amplification. 87 Consequently, 
c-erhB-2 amplification seems to be more important than amplification oioerbk 
orear-1. 

Other genes also have been compared with c-erbB-2 activation in breast 
carcinomas. One study found a significant correlation between increased o-erbB- 
2 mRNA and increased mRNAs of/os, platelet-derived growth factor chain A, 
and Ki-raw.irc Allelic deletion of c-Ha-nw may indicate a poorer prognosis in 
breast carcinoma," but it has not been compared with c-er6B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.* 1 '" 3 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidence of c-ert>B-2 Activation In Non-Mammary Tissues j 

Table 7 summarizes the normal tissues in which o-*rbB-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF cerftB-2 mRNA OR oentB* PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 






e-erbB-2 


Tissues Producing Tissues Lacking 


Tissues Lacking 


mRNA 


c-e/bB-2 Protein 1 o-e#i»B-2 mRNA 


c*6fbB*2 Protein 


Skin" 


Epidermis* 8 




• 


External root sheath* 






cccnne sweat giano 00 




• 


Fetal oral mucosa* 2 


Postnatal oral mucosa* 2 




Ratal ACrtr\kanno62 


rosinaia! esopnagusp* 


Qfrvmar*h24 

oiornacrt*^ 


siomaon«** 
Fetal Intestine 82 * 




Je]unum" 


SmalHntestlne 22 * 4 




colon 7 * 


Colon 22 * 63 




Kidney" 


Fetal Wdney** Kidneys'" 


Glomerulus® 






Postnatal Bowman's capsule* 2 




Fetal nravlrriAt hihiitats 

real piUAIIIItti lUtMJiU 


vosinaiai proximsi ukjuiv 




Distal tubule 82 




Fetal collecting duct" 


Postnatal collecting duct" 




Fetal renal pelvis* 2 


Postnatal renal pelvis* 9 




Fetal ureter 8 * 


Postnatal fetal ureter 64 


Uver* 


Hepatocytos 22 
Pancreatic acini 0 
Pancreatic ducts* 1 - 8 * 


Uver*w» 




Endocrine cells of Islets 


Pancreatic Islets* 9 




of Langerhans** 




Lung* f 


Fetal trachea 62 . 


Postnatal trachea 62 


Fetal bronchioles 82 — ^ 
Bronchioles 8 * 


Postnatal bronchioles 82 
Postnatal alveoli**" 


Fetal brain" 




Postnatal brain 82 




Fetal ganglion cells" 4 


Postnatal ganglion cells 82 


Thyroid* 






Uterus" 


Ovary'* 






Blood vessels 42 


Endothelium" 


Placenta" 




Adrenocortical cells 84 
Postnatal thymus* 2 




•- . 


Fibroblasts 82 
Smooth muscle cells 84 
Carol ao muscle cells* 3 



•This protein study used Western blots; Iha real used Immunohlatochsmteal methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunopfecipitatJon or 
Western or RNA blots. Production of o-erfcB-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding <s 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erfrB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
' been documented for c-erbB-2. * 

Activation of c-eriB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinonias in eight studies (Table 8). One abstract 46 stated that ovarian 
carcinomas contained significantly more oerbB-2 protein than ovarian non- 
epithelial malignancies. Another report 8 * showed that 12 percent of ovarian 
carcinomas had c-eriB-2 overproduction without amplification. 

Activation of c-er*B-2 has been identified in 20 percent (40 of 188) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 

TABLE * e-ert>B-2 ACTIVATION DM HUMAN GYNECOLOGIC TUMORS* 







cheroB* 


oe/DB-2 






mRNA. 


Protein 




c-eroB-2 DMA 


Over- 


Over- 


Tumor Type 


Amplification 


production 


production 


Ovary— carcinoma, not otherwise 


31/120" 1/11 »r 


23/67* 




specified 


0/B,wo/6« 0/3.1U 


36/72" 




0/2** 0/1 «o 






Ovary— serous (papillary) carcinoma 


2/7,1" 1/7,»« 0/6* 






iOvary— endometrioid carcinoma- - 


0/3OT •* 






Ovary— mucinous carcinoma 


1/2,110 07172 






Ovary— clear cell carcinoma 








Ovary— mixed epithelial carcinoma 


0/2* 






Ovary— endometrioid borderline tumor 


071* 






Ovary— mucinous borderline tumor 


0/3" 






Ovary— serous oystadenoma 


0/4" 






Ovary— mucinous cystadenoma 


072" 






Ovary— sclerosing stromal tumor 


on« 






Ovary— fibrothecoma 


0/1" 






Uterus— endometrial adenocarcinoma 


0/4*071*'° 







•Shown aa number of cases with amplification (or overproductkroj/tolai number of cases studied: reference Is 
given as superacrtpt All protein studies used Immunordslechemlcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of difluse or signet ring cell 
subtypes CRble 9). Activation of c-erfcB-2 has beeo detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er&B~2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater inununohistochemical reactivity for o-eriB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin a fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfcB-2 protein.® Hepatocellular carcinomas (12 of 14 cases) and cholangioearci- 
nomas (46 of 63 cases) reacted with antibodies against c-et*B-2 in one study, but 
some of these "positive" cases showed only difiuse cytoplasmic staining, which 



TABLE 9. ACTTVATtON IN HUMAN GASTH01NTESTIHAL TUMOR» 



Tumor Type 



c-efftB-2 DNA 
Amplification 



EBophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach— adenocarcinoma 

&omach— cardnoma, Intestinal or tubular type 
Stomach— carcinoma, drffuee or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Colon— tubulovlllous adenoma 
Colon— tubular Adenoma 
Colon— hyperplastic polyp 
Intestine— letorrryosarcjoma 
Hepatocellular carcinoma — - 
Hepatoblastoma 
Cholanglocarclnoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— dear celt cardnoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0/1 w 

2/24* 2/9, w W« 
2/8 w 0/11M 

5/10<* 

0/21M 

2/49 t «1/46V" 
1/45«M/45.» 
0/40 « 0/32,^0/3" 
0/1» 



0/iao 



0/12111 
0/1* 



c-ertB-2 
Protein 
Over- 
production 



0/1" 

4/27 » 3/1 0*1 

16/64* 
4/4S® 

1/22»7/B«> 



19/10** 
0/1« 

12/14?s 072«i 

46/63" 

2/B0,«'OV2«i 

Q/1«i 

0/2«» 

0/3* 

071« 

0/14* 1 * 



■6hown as number of cases with amplincaUon (or overproductions/total number ol cased atudted; reference la 
given aa superscript AB protein studies used ImmunoWstochemlcaJ methods, No studies analyzed for o-ero&- 

'Tissues fixed In Bouin's solution, 

«Only cases with distinct membrane staining are Interpreted as showing c*e*B-2 overproduction. 
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TABLE 10. oerDB-2 ACTIVATION IN HUMAN PULMONARY TUMORS* 









chn*B-2 


Tumor Type 




c-erftMDNA 


Protein 




Amplinpallon 


Overproduction 


Non-small ceil carcinoma 


2/60,» 


0/60« 


1/84*? 


Epidermoid carcinoma 


0/13,0 


0710," 0Y6» 


3/6" 


Adenocarcinoma 


0721* 


1/13," 0/7,i« 0/7 


4/12* 


Large eel! carcinoma 


o/9 f °o/e» 




Small cell carcinoma 






0/26 «Q/3» 


Carcinoid tumor 


on« 




073» 



•Shown as number of cases with amplification (or overproduction)/^ number of cases studied; reference is 
rfven as superscript All protein studies used fmmunohlstochemlcal methods. No studies analyzed tor c-eriB- 
2 mRNA» 



does not indicate c-*riB-2 activation in breast neoplasms. 95 Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic ammuriohisto- 
chexnical reactivity for c-er&B-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining. 41 

Tables 10 through 14 summarize the studies of activation in other 

neoplasms. The c-erfcB-2 oncogene is not activated in most of these tumors 
Activation of c-eriB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report 96 
found c-eriB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-eri>B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-erbh-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion. 68 Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-erbB-2 protein, but it is not clear 

TABLE 11, c-er&B-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



Tumor Type 


-oerMMDNA ~ 
Amplification 


c-eAB-2 
mRNA 
Over- 
production 


c-ersB-2 
Protein 
Over- 
production 


Hematologic malignancies 


0/23'" 






Malignant lymphoma 


OygwoTaioT 


OfV 


0/15« 


Acute leukemia 


0/14* 






Acute lymphoblastic leukemia 


0/1 w 






Aoute myeloblasts leukemia 


0/31" 






Chronic leukemia 


Q/1087 






Chronic rymphocytfo leukemia 


0/6107. 






Chronic myelogenous leukemia 


0/8W 






Myeloproliferative disorder 


0/1*7. 







I : 



■ — — ■ ■—..^m.^.bmw.i lW i wwvi|iiwwHKuuN|r«fi«ai numse 

9tven as superscript All protein studies used JmmurreWstochemteal methods. 
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TABLE 12, t**oB-3 ACTIVATION IN HUMAN TUMORS OP SOFT TISSUE AND B ONE' 

c-erbB-2 DMA ™ 
_ Tumor Type Amplification 



Sarcoma 0/1 o, 1 " o/B* T 
Malignant fibrous histiocytoma 071 w 

Uposarcoma o/3 107 

Pleomorphic sarcoma 0/1^ 

Rhabdomyosarcoma 0/1 

Osteogenic sarcoma 0/2, 107 O^ 8 ? 

Chondrosarcoma 0/1 107 

Ewlng's sarcoma 0/1 67 

Schwannoma q/1* 7 



•Shown as number of cases with amplification (or overprodudlonVtotal number of cases studied; relarence Is 
o>en as superscript Mo studies analyzed for c*rbB-2 mRNA or oorbB-Z protein. 

whether the protein level 1s Increased over that of normal skiri.» Thyrotd 
carcinomas and adenomas can have low levels of increased cerfcB-2 mRNA. 
One abstract, described low-level c-«r6B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenoma*.-* 

Correlation of c-orbB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate oer6B-2 activation in non- 
mammary tumors with outcome.* Slamon et al" showed that c-erbB-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a con-elation between 
decreased survival and c~eriB-2 protein overproduction, but not between sur- 
vival and histological grade," One abstract stated that c-er*B-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.* Another abstr^ctdescribed^tendency for immunohisto- 



TABLE 13. Q-eroB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT* 



Tumor Type 


oert>B-2 DNA 
Amplification 


c-e/bB-2 
mRNA 
Over- 
production 


o-erbB-2 
Protein 
Over- 
production 


Kidney— renal cell carcinoma 


1/5,* 1/4.1W0/5* 


0/16'w 




WItms* tumor 


074 s7 






Prostate — adenocarcinoma 






0/23" 


Urinary bladder—carcinoma 






1/4B» 



— — . — . ...uiuiMfniiiwuMvii^i wajpiwwvMiiunjrtuuu nuirtov 

given as superscript. AH protein studies used ImmimohtetochemlcaJ methods. 
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TABLE U c-aroB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 



Tumor Type 

Skin — malignant melanoma 
Skin, head and neck — squamous 
cell carcinoma 

Site not stated— squamous ceil 
carcinoma 

Salivary gland— edenocaidnoma 
Parotid gland— adenoid oyeUe 
carcinoma 

- Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— Adenocarcinoma 
Thyroid— adenoma 
Neuroblastoma 
Meningioma 



OOfOB-2 

DNA 

Amp lification 

0/7<w 
078," 0/2* 
1/T» 



0/1' 
0/5' 
0/1" 
0/2' 

0/35* 078." 0/1 w 
0/2* 



c-erbB-2 mRNA 
Overproduction 



c-e/»B*2 
Protein 
Over- 
p roductio n 

0h0« 



071»i 



0/1' 

3(l0W !evete)/5» 
1{low tevfils)/2' 



•Shown as number of cases with amplification (or overproductionytota) numbar or casas * urfw 
given as suparaortpt AH protein studies used ImmJ^MSmSS^ ' 

chemical reactivity for c-er6B-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma." Additional prognostic studies of ovarian parcinomas arid 
other neoplasms are needed. 



SUMMARY 

Activation of the c-er*B-2 oncogene can occur by amplification of c-erAB-2 
DNA and by overproduction of c*rfcB-2 mRNA and^fcB-2 protein. Approxi- 
mately 20. percent of breast carcinomas show, evidence of «-erfc®i2 activation 
which correlates with a poor prognosis primarily in patients with metastasis to 
axUJary lymph nodes. Studies that have attempted to correlate c-er&B-2 aotiva- 
hon with other prognostic factors in breast carcinoma have reported confuting 
conclusions. Hie pathologic and clinical significance of c-eriB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies 
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